Reconstruction of the transected cat spinal cord following NeuroGel implantation: axonal tracing, immunohistochemical and ultrastructural studies.
This study examined the ability of NeuroGel, a biocompatible porous poly [N-(2-hydroxypropyl) methacrylamide] hydrogel, to establish a permissive environment across a 3 mm gap in the cat spinal cord in order to promote tissue reconstitution and axonal regeneration across the lesion. Animals with NeuroGel implants were compared to transection-only controls and observed for 21 months. The hydrogel formed a stable bridge between the cord segments. Six months after reconstructive surgery, it was densely infiltrated by a reparative tissue composed of glial cells, capillary vessels and axonal fibres. Axonal labelling and double immunostaining for neurofilaments and myelin basic protein, showed that descending supraspinal axons of the ventral funiculus and afferent fibres of the dorsal column regenerated across the reconstructed lesion. Fifteen months after reconstructive surgery, axons had grown, at least, 12 mm into the distal cord tissue, and in the rostral cord there was labelling of neurons of the intermediate gray matter. Electron microscopy showed that after 9 months, most of the regenerating axons were myelinated, principally by Schwann cells. Newly formed neurons presumably from precursor cells of the ependyma and/or migrating neurons were observed within the reparative tissue after 21 months. Results indicate that functional deficit, as assessed by treadmill training, and morphological changes following double transection of the spinal cord can be modified by the implantation of NeuroGel. This technology offers the potential to promote the formation of a neural tissue equivalent via a reparative neohistogenesis process, that facilitates and supports regenerative growth of axons.